tending to become asymptotic with the abscissa at low concentrations. On this basis Nanavutty concluded that bacteriophage consists of living units possessing varying susceptibilities to heat.
In the writer's opinion Tomaselli's data are inadequate for the forming of any conclusions and Nanavutty's data cannot be utilized for ascertaining the characteristics of the inactivation curve because they depend upon two definitely inaccurate methods for the quantitative detection of bacteriophage, namely, the method of serial dilution and the plaque count (9) , even though Nanavutty has tried to avoid some of the sources of error by running multiple samples. Certain of the errors inherent in the serial dilution technique are considered in a recent paper (10) .
Since the way in which inactivation occurs may have considerable bearing on the question of the nature of phage it was decided to study the process under carefully controlled conditions. The data in the present paper are based upon a method for the quantitative detection of phage, utilizing an arbitrary activity unit and found in the course of over 200 routine titrations to possess an accuracy of ~ 2 per cent (9, 11) .
Methods
An antistaphylococcus phage and a single strain of S. aureus described in previous papers (9, (11) (12) (13) (14) , were used. Sufficient broth (veal infusion, 1 per cent peptone, 0.5 per cent NaC1, pH 7.6) was prepared in one lot to last throughout the work. For each experiment 20 ml. of unfiltered phage containing 1 X 101° activity units per ml. was placed in a sterile thin-walled flask. The latter was fitted with a rubber stopper bearing an accurate thermometer adjusted so that the bulb projected into the phage. The flask was immersed in boiling water and the contents quickly brought up to the temperature at which inactivation was to be followed. It was then placed in a mechanical rocker mounted in a water bath maintained at the desired temperature. Samples were withdrawn into chilled test tubes at frequent intervals and the tubes were immediate/y placed in ice water. Phage was determined by the author's quantitative method (9, 11) . The control for each experiment consisted of a sample of the same phage shaken at room temperature.
Experimental Results
The results are shown graphically in Figs. 1-4 , in which logs of residual phage units are plotted against time of sampling. Clearly, heat inactivation of phage suspended in broth proceeds logarithmically with time. In all cases the reaction was followed until there was left but a small fraction of the original active material (a residuum of from 0.001 per cent-10 per cent). This range of concentrations is adequate for establishing the characteristics of the inactivation curve. Since the heat inactivation of phage at various temperatures proceeds logarithmically with time the reaction conforms to the general mass law and may be expressed as:
where P = Phage Po = Initial P per ml. and P~ = P/mL inactivated in time t. As a graphic test of the constancy of ~ over any given temperature range, it is desirable to plot values of log k against the reciprocals of the absolute temperatures. If ~ is a constant the plot will be a straight line of slope--#/4.606. Fig. 5 is such a plot and demonstrates the constancy of the critical thermal increment over the temperature range 51°-62°C. The value of ~ is found to be 101,000. FzG. 5. Plot of logarithms of velocity constants for heat inactivation of phage at various temperatures against the reciprocals of the absolute temperatures.
DISCUSSION
The heat inactivation of antistaphylococcus bacteriophage suspended in broth of pH 7.6 at temperatures ranging between 51°C. and 62°C. proceeds strictly in accordance with the equation for a monomolecular reaction. Consequently the experimental data furnish no evidence that ordinary phage lysates consist of particles possessing varying degrees of resistance to heat, as Nanavutty found. Nanavutty felt that his experiments strongly suggested the living nature of phage. The present data cannot be so interpreted. For, while it is true that many unicellular organisms follow a logarithmic order of death upon exposure to a variety of lethal agents, the inactivation of certain enzymes is similarly an exponential process.
The average value of ]~, the critical thermal increment, for heat inactivation over the temperature range studied was found to be 101,000. It is therefore of the same order of magnitude as the values of Iz determined for such processes as the heat denaturation of egg white (15), the spontaneous destruction of rennet, invertase, vibrio-lysin, etc., and for the course of death among some bacterial populations (16) .
Very high critical thermal increments for destructive (denaturation) processes apparently occur only in protein compounds. The high value of/~ for heat inactivation of phage would indicate then that protein denaturation is very likely the chief reaction involved in the process. However it does not necessarily signify that phage is a protein for it has been shown that the actual lytic material is carried on vehicular particles from which it can be separated under certain conditions (17, 18) . The high value of /z may merely mean that the carrier particles possess a high temperature coefficient for heat denaturation and that the change produced in them results in inactivation of attached lyric substance.
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